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EARTH SATEliJTES, A FIRST LOOK BY THE 
UNITED STATES NAVY^ 

R. Cargill Hall (USA)'*^ 

CXUEGINS 

Early in 19^5 a special United States Naval Technical Mission in Europe 
acccirpanied Allied forces advancing through the low countries into Gemany. Concerned 
with Axis technical and scientific matters, organized into Canbined Advanced Field Teams 
coitposed of both British and American scientists, the mission m^nbers included the mathe- 
matician Anthcxiy Biot, aerodynamicists Clartc Millikan and Hsue-shen Tsien, and p.»ysicists 
Abraham Ityatt and Geor^ Bwald. Ihese men conducted on-the-spot assessments of designated 
German scientific groins and installations of interest to Allied agencies. 

On May 5> 19^5, a few of the mission marbers interrogated the leaders of the 
Domberger-von Braun rocket group who had surrendered to Allied troops a few days earlier 
at Reutte in the Tyrol. During the meeting in the small town of Kochel, Bavaria, Tsien^ 

requested that von Braun prepare a sumnary of German rocket developments and his predic- 

2 

tions for the future of rocketry and astronautics. The resulting report. Survey of 

Development of Liquid Rockets in Germany and Their Future Prospects , suggested potential 

applicaticxis for earth satellites, manned space stations, and flights to neighboring 

celestial bodies including the moon, as suggested earlier by Tsiolkovsky, Goddard, OL?rth, 

Noordurg, and others,^ In July, that report acconpanied Abe Hyatt when he returned to 

the Navy Bureau of Aeronautics (BuAer) in Washington, D.C. According to Hyatt, it stirred 

a good deal of interest among individuals at BuAer, especially among those in the Aviation 

h 

Design Research Branch directed by Ivan H. Driggs. But the individual first and cer- 
tainly most moved by the subject of earth satellites at BuAer was a young Navy lieutenant, 
Robert P. Haviland. 


Presented at the Foruth History Symposium of the International Academy of 
Astronautics, Constance, German Federal Republic, October 1970. 
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Haviland, attached to the Electronics Materiel Branch of Uie Qnelneering 
Division in the Navy Bureau of Aeronautics, examined Allied inteUigence reports and 
other documents relating to aircraft idoitlfication and electronic countenne 2 isures. .l»h 
a decrease in work assi@ments near war's end, HavilanJ turned his attaitlon to a favorite 
topic: the Implications of space rocketry.^ In the late sumner of 1945 he read a 
British report cancelling the capabilities of the German V>2 rocket, and a NACA technical 
translation of some earlier woric pursued by Eugen Sanger. Willy Ley's Rockets, the Future 
of !Kavel Beyaid the StratosiAiere (New York: Viking Press, 1944), vdiich treated the energy 
requlrenents necessary for orbital flight and escape from the earth's gravitational 
attraction, also stimulated the yoimig man.^ 

Aware of the discussions in the Aviation Desigi 0 ro( 4 > and, apparently, the 
von Bram paper, HavLland set about considering potential space mlssicxis, and he spent 
several weeks exploring the technical feasibility of earth satellites based iqpon exten- 
sions of conventional V-2 rocket technology. On August 10, 1945, he cont-lned the results 
of this study in a nine-^page mano to the Head of the BuAer Special Weapons Section, 
reconmending that an earth satellite project, "Project Flex,” be authorized by the U.S. 

Nav^. Althou^ overloc^cing the problems of atmosplwrtc reentry, Havlland calculated that 
by clustering and staging large rocxets, manned artificial earth satellites were tecFml- 
cally feasible, and he reccnmended a number of potential missions: as a platform for 
scientific research, as conmunicatlons relay stations, and for use in mapping and meteoi’o- 

7 

logical surveillance. 

Ihe President's announcement of the existence of the atomic bomb on August 6— 
which suggested a potential source of large a'ounts of ener^— enhanced Navy interest in 
Havlland's proposal. It quickly wen the support of his inmedlate superior, Coninander 

O 

J. A. Chambers, and from Captain Lloyd V. Berkner, himself destined to play a significant 
role in American astronautics. Captain Berkner, Head of the Electronics Materiel Branch, 
was much taken with the idea of a conmunicatlons satellite enployed as ”an artificial 
ioiosphere,"^ and he convinced his superiors of the desirability of investigating the 
prospect of earth satellites.^® With authorization to proceed, Berkner discussed the 
matter with Cotmander Harvey Hall,^^ Special Scientific Assistant tc the Head of the Radar 
Section. Ha:il agreed to assist in a conmlttee examination of the technical feasibility of 
earth satellites. Cn October 3, 1945 » BuAer organized a Conmlttee for Evaluating the 
Feasibility of Space Rocketry. 

IHEORETICAL VERIPICATIC»1 OF A SINGIE-STAGE SAlELLnE ROCKET 

Between mid-August 1945, when the Havlland memo was brought to the attention of 
Berkner, and tl» creation of the satellite conmittee on October 3» Harvey Hall deteimlned 
that a truly practical and useful earth satellite cai:d not be realized with existing 
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V-2 propellants and "■'^chnology; a major advance in rocket technology, he reasoned, speared 

12 

necessary and desirable. Assigned at this time to evaluate the application of Jet pro- 
pulsion to aiJ?craft (which are "single-stage” vehicles), he also considered the avenues 
for advances in rocketry. Hall struck on the concept of a single-stage satellite rocket. 
With the satellite conmittee established, he successfully pressed th^o approach among 
associates. Accordingly, the cofimittee was charged "to investigate presently available 
materials and techniques and arrive at some estimate of the possibility of attaining a 
velocity of llbratlc«i from one stage of the operation." 

On October 29, 19^5,^^ the satellite corrmittee concluded that the possibility 
of placing a single-stage space ship in orbit above the earth warranted establishing a 
proJt.'Ct within &iAer to conduct a detailed study. A high mass-ratio, single-stag.^ 
vehicle that would corpensate for strucwural development problems by ellmirating staging 
and reigiiticn of engines at upper altitudes, and that burned high speclfio Inpulse 
liquid propellants such as hydrogen and oxygen, the members suggested, would provide a 
more powerful as well as reliable satellite rocket. 

By the end of November 19^5, considerable support had b-. n genc?>?ated within 

15 

BuAer for an Earth Satellite Vehicle program, and functional-type project desks appeared 

in various secticns as the satellite studies intensified.^^ The satellite's proponents 

were now more numerous, and influential: Captain D. S. Pahmey, Head of the Special 

17 

Design Branch which handled BuAer guided missile projects. Captain W. P. Cogswell of 

the BuAer Radio and Electrical Group, and shortly thereaiuer. Hear Admirr^l Leslie Stevens, 

Assistant Chief for Research and Development, BuAer. Stevens, thou^. he accepted the 

satellite's usefulness for comnunicatlons and as a relay tat ion for guidance of surface- 

to-surface missiles, nonetheless remained very dubious about obtaining the money necessary 

to build one in lew of the congressional cuts in the post-war Navy budget already taking 
l8 

place. But most of the supporters were optimistic. Captain Paiimey created a special 

desk in the Pilotless Aircraft Division "to handle ell the engineering aspects of the 

IQ 

Earth Satellite Program," and . electee Lt. Comnander R. P. Havlland, USNR' to njfiuiage it. 

Plans for this early Navy satellite project (not to be confused with the later 
Vanguard Program) called for three sequential phases leading to eventual fli^it testing: 

(1) the investigations a; id preliminary research reconmended by the satellite corrmittee, 

(2) a general engineering study by one or more contractors based i^n the satisfactory 

caipletion of the preliminary research, ^vid (3) award of a contract for construction and 

20 

operation of a prototype vehicle. Subsequent Navy work Incorporated the satellite 

corrmittee premise of a single-stage satellite rocket, and proceeded larg».ly cn the 

strength of a h^'drogen-oxygen rocket motor develcpment prograia conducted by the Aerojet 

22 

Engineering Coipor-c.^'ion, supervised by Lt. Conmander Robert Truax. late in IQ 
Aerojet personnel succeeded in burning gaseous hydrogen anC oxygen in a small r ocket 
motor for the fir^t time, and in the following ye^r thoy placed the largest hydrogen 
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it my/iiit* ijf tbe Morld 2ii operation et Aen^et; liqiitli liyAragen ms saccessfuiljr stored, 
{ueped, md burned In utmt teeene routine test operations. Mithin a year the BuAer 
etTorc in larso rocket propuislcn ay a te a a ln«u}^ serious "hardicira" developeant coi^ 
tracts.^ AMitJonel eontcbcta Mere aodineti or begun for the study of boro-h/drlde fuels 
and eleetronie oo^ponoits that could oe a^ftloared in rockets.*^ 

But tite Navy Buensu of keronoAi^ first conflrsetlon of the satellite 

ooeodttee's initial findi'Moi In a contract ulth the Jet frapulsion laboratocy (JFL) at 
the California Inscltute of Technology. This oontract, executed on Deoertter 12, 19A5, 
ft*1Vid ffca' sure detailed theoretical research on the relationships betueen serodynasde 
dr^ during ascent «d Vtie desired osbit (altitudes), roedoet notor and propellant per- 
fnrnarrr. straeturBl charaeterlstlos (mss ratio), p ay lo a d , and suitable ascent trajeo- 
torlEs.^ JR' undertook these analyses predicated upon the prior satellite oosedttee 
oaldOatijn and reports, and the NasTy-stipulated assuefitians that: 

a. The *arbiting Missile to be considered Is a single-stage liquid propellant 
rodoet adasile. 

b. The xocict notor propexlcnte are Uiiuld oxygcit and li^aid hydragen. 

The poc^oensnoe of this rocket notor is estlnated fb<ni experlnental data on 
i^draen-csygai psopellants cCttained by D. A. Yovrg of the Aerojet Bigineerlng 
Ocjirp.^ 

^ study progran quid y esvsounitmd problaai. JFL psrscnnel sought to con- 
flgire ascent trajectories to achlere a denlred circular orbit at an altitude of 240 kilo- 
neters (ISO ntles), a profile assuned to be above sid^tantial interferenoe ftxai atao- 
sptaerle drag, doth vertical c 1 Inclired ascent trajectories, given a ^leclfled engine 
bumiiig period ani the assraptlons fbrnisried the Havjr, yielded orbital altitudes only 
up to 80 hilaneters (50 ailes) vhere air resistance would not pennlt even nne coeplete 
ctbit of tiie earth witn ii^itwelght strwdwee. This difficulty, already consldobd in 
BuAar, praepted m l^xjrtKit innovative contribution to astroonautlcal theory. In the 
words of JFL's HoapF J. Stewutt 

A netted for attaining a higier orbiting altitude than it was feasible to 
attain in a r . ptle powered launddng trajectosy was proposed by Coanander 
[Harv^] fttll. In this mthod the missile is tobjected, at the ternlnatiGn 
of its primary powered pecdod. Into an elliptic orbit of snail eccentricity 
Jnete^ of a circular orbit {zero eccentricity) . This can be done either 
by projecting bhe nlssile horizontally with a speed ir. axoess of the circular 
ocbital velocity or by projecting the Bdssile at a snail angle of cliab. In 
cither case, the sLssile clijibs In an elliptic (xblt to the aphelion [apogee] 
point. If a proper velocity increnent is added at the ^ihelion point, the 
miggiiA is tioen projected into a circular orbit at this increased al tude. 

This re(94lre? an akhUtional start-stop contiv . for the motor and an au.<.itude 
tolc . reaxi attiUK^] control for the misslu 


a. H. Osborn, R. Gordon, and H. L. Coplen, with Q. S. Janes, "Liquid 
Hydrogen Rocket &igine Development at terojet, 1944-1950," in this voltane - Ed. 
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BuAer and JPL-Caltech adapted this ascent technique as a cor.'elatlve axiom, and used it in 
all subsequent engineering studies for the high altitude test vehicle (HATV). It has 
siuoe became standard procedire in all space prx>©:'anis for amftg- urating ascent trajecto- 
ries, for altering orhital altitudes and eccentricity, and, with later modificaticins for 
st?^'^ vehicles, for Improving payload capacity for a given mass ratio- IWtnown to those 
av work on the Navy satellite studies, the same innovation been advanced many years 
before by the Russian astrcxiautical pioneer K. E. I^siolkovsky. 

JPL ccmducted these studies betwe«i December 19^5 arJ July 19^6 under the direc- 
tion of Hcoier J. Stewart and Prax* J. Mallna. Using the stipulations and ascent technique 

28 

suggested by the Navy, JPL calculations conflnned technicsLl feasibility of a single- 
stage liquid hydrogen-oxygen satellite rocket attaining a minimum circular eartn orbit at 
2*»0 km (150 miles) altitude provided: the fuel aid engine combinaticn would perfom 
according to theoty, and that a projected propellant-gross strixitune weight (mass) 
ratio of 0.885 to 0.895:1 could actually be realized. At the same time, in a final 
r^rt, JPL participants felt oblige! to remind the Navy that "the required propellant- 
gross weight ratio could be greatly reduced if a step rocket [staging] were used. For 
exaqple, a two-step rocket would require, for each step, a propellant gross weight ratio 
of about 0.7."^^ 

Ehcouraged by the Caltech work, on July 1, 19^16, the Navy awarcied a secorii con- 
tract to Aerojet Sr>gineeirlng. fiuAer wanted Aerojet to detennine whether a test stand 
value of the si^eciflc linpulse of liquid hydrogen-oxygen was sufficiently near the theoret- 
ical value to justify the JPL conclusions of satellite feasibility, perform a desi@i 
stujy of a liquid hydrogennoxygen rocket engine producing 136,000 kg (300,000 pounds) 

thrust, and fabricate a lat^r hydrogen-oxygen test engine rated at 454 kg (1000 pounds) 

10 

thrust. Ihese prc^xdsion system contracts led to the construction of the large hydrogen 

liquefier mentioned previously, and actual test stand c^ratic^ of the liquid hydrogen- 

oxygen rocket engi.nss that did confixm theoretical performance specifications.^^ Another 

contract was awarded to North American Phillips Oonpany to desigi a lightweight solar 

engine with a 50 watt electrtcal catput to power satellite electronic equipment, and work 

carmenced in BuAer on the guidance and attitude control equipment required for the period 

of unpowered coast along an elliptical tir^jectory prior to insertion in a circular ort)it, 

12 

and for orbit operations. Verification of the structure mass ratio for the single- 
stage vehicle, the second condition stipulated by JPL, also began in mid-1946 as the Navy 
moved into the aigineering desigi of the earth satellite project. 

Meantiine, before most of these early investigations had been conpleted, support 
for the satellite project was solicited from many individuals and at many levels in the 
Navy outside of BuAer. It soon became apparent that full Navy support for an actual 
flight test venicle progi’am — as Admiral Stevens suspected — would be difficult to achieve. 
In Novenfcer 1945, costs for the engineering and preliminary deslgi pluse of the project 
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had been estimated at $5 mlllian to $8 million. 33 •ihe postwar demobilization and cutback 

In Navy appropiiatlons in early 19^6 clearly indicated that whatever progress the service 

0 || 

ml^t attain would have to be managed on a (g«at deal less than $5 mlllian. 

SKSBlLm. IRDSFEST IN TIE AHV AIR FORCES 

Faced with this iipromlsing fiscal situation, meabers cf the Navy satellite 
conmittee approached the Any Air Fbrces In the hope of establlshiig a Joint earUi satel- 
lite project. A Joint project, they believed, might be able to oonaand financial support 
sufficient for flight tests. Hie first meeting between representatives of the two ser- 
vices took place in Uashingtan, D.C. on March 7, 1946, in the office of the Air Force 
Major Gena^al H. M. McClelland. Navy personnel {ov^sented the objectives and static of 
their rocket satellite project, together with a suggested plan for the proposrd Amy Air 
Porces-Navy ejqperinental program to evaluate. Justify, aid, if warrmited, constnut and 
launch a prototype vehicle. Reception of the Navy proposal by the Amy Air Fbrces repre- 
sentatives seemed most fhvorable; ftirthennDre: 

It was agreed at the conference that the ^neral advantages to be derived firm 
pursuing the satellite development appear to be sufficient to Justify a mejor 
program, in spite of the fact that the obvious military, or purely naval ^ipll- 
cations In themselves, may not oppea** at this olme to warrant the expenditure. 

On this basis, the Amy representatives agreed to investigate the extent of 
Amy Interest by discussions with General LeMay and others, after t(hl<^ a future 
Joint conference Is plamed.35 

For several days in March 1946 it appeared teat a Joint satellite project leadir^ to 
fU^t tests might possibly coiiinence in the Uhited States. 

After carefully reviewing the Navy proposal. General Carl S^>aatz, Amy Air 
Forces Chief of Staff, desl 9 ^.ated Major General Curtis E. LeMay, i^ecently appointed 
Deputy Chief of Air Sta^f for Hesearte and Oevelofisent, to represent the Amy Air Forces 
in negotiations with the Navy satellite proposal team. In ndd-Marte. tee Gmieral informed 
a dismayed Conmander Hall that the Amy Air Forces had decided net to support the pro- 
posed Joint satellite project, although he left opoi tee possibility of further discus- 
sions of earth satellites.'^ Amy Air Forces representatives confirmed tee l^paatz-LeMay 
decision at a second meeting in the Researte and Development Ooamittee of tee Aeronautical 
Board on /^rll 9» 1946. Air Force Brigadier Gofieral Laurence Cralgie declaied two 

■jy 

s^>arate programs preferable to one. If earth satellites were to be constructed, 

Cralgie iji^lled, the Ann/ Air Forces intended to be the service to do it, especially 

since the Amy Air Fbrces had adready staked a claim to future military missions in outer 

38 

space. 

Personnel at the Navy Bureau of Aeronautics returned to their single-stage 
satellite rocket investigations with the groups at JITi and Aerojet. Though the encounter 
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irfith the Anny Air Forces hawl been a disappointment. It had one positive ramification. It 

pronpted another extensive satellite study. The Amy Air Forces Research and Development 

organization turned to the Project RA® research and, as a first task, instructed 

this newly forrod consultant organization to perfom a separate earth satellite feasibility 

study. Attempts by the Navy Bureau of Aeronautics to arrange another conference met 

with repeated delays while the Air Force satellite study progressed. 

On May 15 the respective service representatives met again in the Research and 

Development Comaittee of the Aeronautical Board. Ihis Board, fonned during World War I 

40 

and conposed of ranking manners from the Am^ and Navy air anns, nonnally met at monthly 

intervals to review new developments and to reconcile "the viewpoints of the two services 
• 4l 

for the mutual benefit of aviation." At this third meeting AAF General Craigie intro- 
duced the Project RAND satellite study "on which the ink was hardly dry, as the basis 
of a bargaining position that the AAF was on an equal or similar development poslticxi 

with the Navy," Harvey Hall reflected. this point on, no fuiTther progress was made 

42 

towards a joint project," But the meeting, acinittedly convened for the purpose of 
coordinating "the initial phases of a [satellite] project . . . and to define service 
respcnsibility, if desirable at this time," bespoke the serious contemporaiv interest in 
an ctTtificial eaz*th satellite: 

a. It is the most promising means that has been suggested for providing guidance 
for guided missiles and pilotless aircraft at ranges in excess of about 

250 miles. 

b. It would provide means for freeing world-wide comrunicaticxTs of periodic 
lack of reliability attributed to outer atmospheric effects. 

c. It mi^t be of xruch value in extending the understanding of meteorology, 
with consequzmt inprovement in meteorological predictions. 

d. It would provide an initial step toward the eventual construction of 

inhabited satellites and interplanetary travel, with far-reachL 
4 ^ 

ixiplications. 

Lacking agreement on which service should be respcaisible for actual tie\»elopment 
of prototype satellite vehicles, however, the members referred the question of jurisdic- 
tion back to the fUU Aeronautical Board for a decision. Ihe Navy merrbers maintained 
steadfastly "that the unknowns involved in this project, and its lirplications for the 
possibility of space travel, render pz^emature any att«rpts to define SeJTVice responsibil- 
ity at this time . . . [but actual development of a satellite should] be undertaken 
jointly by the Amy# the Navy, and civilian science. The Ar^ty members consider that 
because intercontinentad warfare is of paramount interest to the Arrry Air Forces, future 

plans involving actual construction of an earth satellite should be uncter the ccsitrol of 

44 

that organization ..." In the face of these service positions, the ffesearch and 
Development Conrdttee could only recofmend that the Anry Air Foi ^es and the Navy continue 
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separate preUMnary Ijivestlgatlons. Neantlne, the ccnnlttee est^U^ied a fonaal 

sabconnlttee cn earth satellites to further examine Its potential applications, ensure 

4s 

eoonilnatlon, and prevent dvf>licatlcn of efforts between the services. 

SATCrj,raE ENQDCERDC EESICMS 

Without agceement on Joint responsibility, a well-defined use toe earth 

satellites, or project approval from the Aeronautical Board, the Navy satellite study 

project by itself could not connend broad Internal si^jport and the necessary funding. 

Navy participants now realised that (xnstructlon and laund) of a prototype satellite — 

calculated to cost between $50 and $150 million— was at least teoporarlly precluded. 

But further "preliminary investigations*' were assured on May 8, 1946, when the Chief of 

Naval Operations formally approved the BuAer satellite *:tudy project, «id the second 

phase of work be^: vehicle engineering design. In June and July the Navy Bur^u of 

Aeronautics contracted for two major structural design studies, the first with Nco*th 

American Aviation, and the second with an old Navy stalwart, the Glon L. Martin Company 

of Baltimore, Maryland. Both fimB temned with Aerojet Engineering Corporation on the 

47 

engine and propellants . 

On Septeidaer 26, 1946, North American Aviation submitted Its report to BuAer. 

Ihe deslgi study, directed by William A. BoUay, had been carried out In the firm's newly 

established Aerophyslcs Laboratory. R. G. Wilson served as Project Biglneer, with 

individual tednlcal sections pr^>ared by L. A. Gore, responsible for propellants, surface 

heating, and power plant; Bruno W. Augenstein, aerodynamics; R. G. Wilson, weight, 

balance, structural and general desigi; and R. G. Khutsoi, guidance and control. Each of 

the contributors based his work on the Navy stipulated single-stage satellite rocket 

bundng liquid hydrogmi-oxygen, and the JPL specified mass ratio of 0.895:1 maximum. 

North Amezdcan reccnmanded a pressure stabilized ogive structure 26 meters (86 feet) long 

and with a maxinun diameter of 4.9 meters (16 feet). "It Is constructed of stainless 

steel and has nine clustered individual thrust motors. Ihe vehicle is ce^^able of attaln- 

Ina a maximum velocity of 6,820 metei's per second (25,400 feet per second) at an altitude 

48 

of about 225 kilometers (140 miles)" (Figure 1). 

Itorth American designed the Hign Altitude Test Vehicle to weigi 41,130 kg 
(101,400 lbs), broken down into m\)oi* conponents: Prc^llants, 40,000 kg (89,000 lbs); 
payload, 450 kg (1,000 lbs); motor aid accessories, 2,250 kg (5»000 lbs); and structure, 
2,900 kg (6,400 lbs). Ihe starting weight required an initial thrust of 105,700 kg 
(233,000 lbs) varying to about 139,700 kg (308,000 lbs) thrust at adtitude.**^ The firm 
reccxmiended an eventual longitudinal scauLing of the vehicle to about 59,000 kg 
(130,000 lbs) gro. weigit with no increase In tte vehicle's maximum diameter In a final 
ccnfiguation, and an extension in the burning time of the engines from 126 to 165 seccxids. 
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Fig. 1 


Since the structures portion of this projected single-stage vehicle could not «iei^ much 
more than five percent of the total weight of the satellite rocket, the specifications 
called for a propellant-to-structure (ccxitent-to-shell) ratio aji^roaching that of an 
egg. This task, at once an engineer’s aspiration and ni^tmare, eventually would be 
realized. 

Ihe Glenn L. Martin Cocn>any and Aerojet studies contimed for a conplete fiscal 
year, ending ir June 1947. In its first progress report, Martin proposed the use of a 
standard honeycoirb shell construction if the strength requirements could be maintained 
within the tenperat.re and pressure ranges encountered during fli^t into earth orbit. 
Under subsequent testing, engineers found this materiad inadequate to itLet the necessary 
regLme, and they dropped it in favor of the North American thin-skln, stainless steel, 
pressui^stabilized ”bllxt|)” structure scheme. Martin’s extensive ^*nal report, which 
incorporated the Aerojet findings on a 136,000 kg (300,000 lb)-thinist liquid hydrogen- 
oxygen engine, described a truly x*emartcable single-stage satellite rocket embodying 
virtually all of the sub^^stem features presently found in separable booster rockets and 
spacecraft. This report was prepared by Pedro C. Medina and William B. Bergen, with 
support from Charles H. Harry, handled vehicle temperatures and trajectories, and 
Albert J. Devaud, responsible for devising the novel ascent ^dance and control and 
orbital attitude control systems’*’ (Figure 


^See n. E. Fbberson, "Evolution of Spacecraft Attitude Control Concepts Before 
1952," in this volume - Ed. 
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'mtera- (l^A feet) in mxlmm dimeter. gro^s mlgit at Immch ms 
(10^ ^6^8 lba)j Mith a mass ratio of 0.S95:1» Incltding a 653 kg (1350 lb) 
lliese engineers projected the wei#it of the structural shell ard bulkheads at 16 
(3,628 lbs), about 3*5 percent of the gross fedJjia assured a west-to-i 


.ami (V-2) rocke 


uch ua i‘m Bwf»er MAC, the erotlneera at North fe»rl 


launching at equatorial latitudes to take adrajitai;^ of tte earth’s perlifieral ire 
of rotatlcri, tc^ether with a suitable ourtiser of groind statlom located arowid t 
for tracking and data acquisition. 

Unlike the iorth American prototype, the ^rtln vehicle «f|>loyed m ae 
surfaces, and althougii the main staip Aerojet engine repaired fixed, dynmic sta 
was to be provided by four auxiliary cmtrol er^pLnes which would dimp osclllatio 
pitch, yaw, and roll. Tiie p«n>-fed, transplrotlon cooled, liquid hydrogeri'-ojcyge 
engine, ctesi|piea by David A, Young and tobert Gordon at terojet, has! an exit dia 
A.i reters (13 and one-half feet) a“ri an overall length of 6.9 refers (22 and on 
feet) taijerliig to 0.6 retero (2 feet) dtareter at the ctiant»r injection plate, 
would provide 90,%30 kg (223,600 lbs) tlirurjt at sea Ir'vel varying to 136,000 kg 
(300,000 lbs) at altitude, with a sp«jclflc inf^ulse of A25 secofrJs. Its desliqaer 
1,674 kg ( 3 , “83 lbs) to the engine, turbopunf. , valves and plurJbing.'^'^ 

Ttxjufii awai’e at tltls tire that a ssali satellite c»ild be made by milt 



Heurtin responded to the Navy's requirements to see if a larger, single-stage satellite 
rocket could be devised. With the exception of the extensive work on the propulsion sik>- 
system and some electronic devices, these studies were not hardware contracts. Rather, 
they involved preliminary feasibility a.td vehicle desigi studies for the purpose of 
evaluating the u(^r limit to which a single-stage liquid hydrogai-oxygen i^telUte rocket 
design could be carried. The answers were positive and encouraging: with s^rc^rlate 
extension of rocket engine burning times and with smaJ. ijqjrovements in metallurgy and 
electronics, a single-stage vehicle afy>eared definitely feasible. 

TSMINAL EVBfTS 

With the engineering designs cocpleted in mid-19^7, the BuAer satellite studies 
had progressed about as far as they could possibly go on paper. The prospect of a hiatus, 
or worse— ccnplete cessation— of the work, caused IxKllvlduals associated with the Navy 
proposal to seek again authoxdzation of third phase hardware development and constniction 
of a prototype vehicle. But the renewed search for institutional support would be made 
all the more difficult by the unresolved qi^stions of satellite utility, the contini»d 
Interest of the Army Air Forces in a separate satellite project of its owi, and by the 
postwar reorganization of the aimed services. 

Ch January 2^, 19^7, Hear Actoilral Leslie Stevens, Assistant Chief for Research 

and Development, BuAer, sent a letter to the Joint Research and Development Board (JREB). 

Coordination of interservioe requirmnents for earth satellites, he declared, was "beyond 

the scope of action" of the Aeronautical Board, particularly vdien one considered the 

possibility of mutual cooperation bet%#een civilian scientific and ndlitaiy groups. The 

satellite held great potentied for extending basic knowledge through cooperation with 

university scientists. Admiral Stevens ccaitinued, and he proposed that "tb.e Joint Research 

and Development Board establish an agency for the ccordlnatlon, evaluatioxi. Justification, 

and allox:atlon of all phases of the Earth Satellite Vehicle program . . ."by means of 

a new ad hex: JRDB panel oxxpojsed of civilian sciaitists as well as military 
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representatives . 

The War Department's Joint Research and Development Board took Actodral Steven's 

proposal under advisement. Shortly thereafter, ipoxi request of the Army Air Forces and 

in keeping with military comity extended in such situations, it was I'emanded to the 

Aeronautical Bo>ard for review before final action. Meantime, hoswever, the American 

military services underwent the most profound reorganization in their collective history. 

On July 26, 19^7, Presiolent Truman sigied the Natioxiail Military Act. A National Military 

Establishment, under a Secretary of Defense, replaced the historic Departments of War 

and N-^vy, and the Amy, Navy and Air Force received equal service status. The Act also 
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replaced the JRDB with a Research and Development Board (RDB). 
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Speaking for the Aeronautical Board a few weeks before the Military reorganiza- 
tion, Air Force Lieutenant Gaieral Hoyt S. Wan3ert)erg and Navy Vice Ai±niral D. B. Duncan 
informed the JREB that, notwithstanding Achnlral Stevai's ccsitentlons concerning the 
Interests of civilian scientists, the Aeronautical Board remained conpetent to decide 

matters of eairth satellites. Ihe JRDB, they said, would be apprised of any decisions 
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made on the satellite program. 

Thus, throughout the latter half of 19^7 the subject of earth satellites remained 
suspended in both governmental bureaus: in the satellite subconnlttee of the Research 
and Development Connlttee of the Aeronautical Board, and in the JRDB-RE6. In the first 
group, progress on the Air Force and Navy satellite programs was r^jorted and discussed, 
and other prqpossUs on the dispositicm of responsibility for earth satellites ccxisldered. 
For exanple, late in the year the satellite subconmittee of the Aero Board "noted with 
Interest" a second Navy prcposal that offered the Office of Naval Research as a potential 
satellite coordinating agency in the view of the scientific aspects of the program. The 
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stPconmittee referred the issue to the full R&D Committee of the Aero Board "for action." 

Since the isplications for basic scientific research in outer space rather 
obviously transcended military interests alone, the RDB likewise sou^t to decide vtfiere 
to place government respcnsiblU^y for coordinating earth satellite activity At its 
initial meeting ot December 19, 19^7, the reconstituted Research and Development Boaixl 
addressed this question and the Aercnautical Board's June response. Though the members 
Judged a separate ad hoc coordinating comnittee originally urged by Admiral .Stevens 
unnecessary,^^ they removed responsibility for satellite develofsnents from the Aeronaut!- 
cal Board and vested it in the RDB Connlttee on Guided Missiles.” The Guided Missile 
Conmittee, in turn, assigied an evaluation of all the satellite wortc to one of its sub- 
panels, the Ttechnical Evaluation Grotp. The Committee instructed this civilian-staffed 
Technical Evaluation Group, chaired by Wadter A. MacNalr,^^ to provide an "cpinlon as to 
the desirability of such a [satellite] program, vhether a single Jointly supported pro- 
gram or separate ccnpetitive developments should be sponsored, and an estimate of the 
time scales and expenditures required for conpletlon of the recoimended program. ..." 
by the end of March 19^8.^^ With the log-jam over a coordinating agwicy broken at last, 
the way appeared open for Research and Development Board approval of continued Navy 
satellite work — or perhaps a Joint program, if not with the Air Force, then possibly with 
scientific groups. 

On March 29, 19^8, the Technical Evaluatlcfi Group reported on its evaluation of 
the Navy and Air Force satellite programs. In a three-point opinion, the civilian group 
held the technical feasibility of building an earth satellite; vehicle to be clearly estab- 
lished; however, neither the Navy nor the Air Force, the meriibers declared, had as yet 
offered a military or scientific utility caimensurate with the expected cost of such a 
vehicle. Consequently, the group recoimended that at present, a satellite not be 



constructed. Because severe development problems could be anticipated in building a 
single-stage satellite rocket, the group further reconnended that studies of the utility 
of earth satellites be the only serious activity to caitinue at Project RAND. Ihou^ 
the gnx?) encouraged the Navy to participate with the Air Force in the RAND studies and 
pursue limited develcpment ol' liquid hydrogen-oxygen engines and ll^tweigit tanks and 
structures, the findings clearly spelled a deferral of satellite wortc in goieral, and, 
in particular, an end to the Navy's single-stage satellite rocket. 

A month later in April, Harvey Hall and his associates in BuAer made a last 
desperate attenpt to continue the Navy satellite program in modified fonn. This die-hard 
groip of space scientists now urged construction of liquid hydrogen-oxygen "Interim Test 
Vehicle, MO 7 ," reconfigured to a super performance souixUng rocket that would rise to an 
altitude of 320-640 km (200-to-400 miles) (Figure 3). liiey submitted this proposal^^ to 
an ag subcomnittee of the National Advisory Conmittee for Aeronautics (NACA) that 
had been recently established to explore and organize methods for extending the tables of 
the standard atmosphere at altitudes above 6,100 meters (20,000 feet).”^ If approved 
and built, the Navy satellite prc^xonents hoped the sounding rocket mi^t rally eventual 
financial support for the construction and launch of an earth satellite vehicle. 



Fig. 3 
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In additicai to the NACA Subconmittee on the H)per Atmosphere, Navy proponents 
also sou^t formal acceptance and endorsement of the new rocket fran the RIB*s Geophysical 
Sciences Conmittee. Qy this time, however, the BuAer proposal confrraited severe obsta- 
cles — not only in the form of the Technical Evaluation Group findings of the previous 
month, but in direct conpetition from a conpanlon at arms: the Office of Naval Research 
had al*^ady received Navy approval to construct and launch a sounding rocket for upper 
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atmosphere reseeirch. According to Hall, the response to this penultimate proposal ended 

all Navy satellite studies at this time. Ibe RDB Geophysicad Sciences Comnittee took no 

action whatever; the NACA Subconmittee on the Upper Atmosphere favoirably endorsed the 

project but had no funds to coirmit to the work. Whatever interest in earth satellites 
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that existed at hi^ier conmand levels in the I'Javy had now all but disappeared. 

In March 19^8, in response to a Presidential ceiling on ejqpenditures for fiscal 

year 19^9 > the Navy Bureau of Aeronautics began transferring the remaining funds earmarked 

for satellites to other projects of more Immediate interest. Ihe Navy satellite effort 

terminated for all practical purposes c«i June 22, 19^^8, when the Pilotless Aircraft 

Division notified Admiral Stevens that ”the Earth Sat.ellite Project has been discontinued 

as such and mrk is now proceeding with «iphasis on the development of a liquid-oxygen, 

Hquid-hydi*ogen rocket engine. When this power plant appears feasible, fli^t test 
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vehicles will be designed and constructed.”’ 

At Aerojet, work on this last remaining satellite component did continue for 

one mor*e year, but suffered from technical problems associated with engine heat exchr « ' 
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azxi chamber cooling processes. That effort concluded In 19^9, ringing down the 

on Navy satellite efforts in the 19^0s. The total cost to the Navy of all satellite- 

related work coiducted between 19^5 and 19^9 has been estimated at approximately $1.5 mil- 
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lion.’ Ironically > when the satellite program expired jn the BuAer Pilotless Aircraft 
Division, the Navy reprogrammed the remaining funds (around $170,000) to the Office of 
Naval Research for development of the Viking sounding rocket, also under caitract at the 
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Glenn L. Martin Conpany. In time. Viking became the first stage booster for America’s 
Intematicaial Geophysical Year satellite in the mid-1950s. 

CONCLUSII^ 

The earth satellite studies undertaken by the Navy Bureau of Aeronautics in the 
late phases of World War II responded to (1) rapid wartime advances in rocket technology 
at home and abroad, (2) an encounter between members of an Allied technical intelligence 
team and German rocket specialists from the Peenemunde rocket base, and (3) accounts of 
the V-2 ballistic missile and its potential applications published in open literature 


^See M. W. Rosen, ”The Viking Rocket: A Memoir,” in this volume - Ed. 
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and In contemxirary Intelligence reports. Ihese investigations took place before the 
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Invention of the transistor, the develcpnent of solid-state circuitry,' and the spread 
of digital conputersj they were conpllcated further by questic»is of satellite utility, 
military Jurisdiction, the technical difficulties Involved in a slngle-^tage, hydrogen- 
oxygmi satellite rocket, and the projected costs and economies of the moment. It is 
reasonable to assune that one or a combination of all these conditions would have deterred 
the endeavor in tiie years that innediately followed. Ihe participant's inability to 

7*5 

secure Navy sipport outside BuAer, added to tlese factors, prefigured the denouanent. 

Before March 1948, a Navy decision to proceed to third-phase construction of 
a prototype hydrogen-oxygen single-stage satellite vehicle was, ultimately. Hear Adnired 
Stevens' to make. Ihe Admiral, a man of strong convictions, sunnised that a third-phase 
hardnare program in 1947-1948 woulo involve a technical undertaking of colossal prqpor- 
ticns, with little prospect for any early return on the investment. Without broad inter- 
nal Interest or lolnt service spcxisci'shlp for a satellite program, he elected not to 
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proceed. ' If keen enthusiasm ranained evident throughout this period among individuals 

in its research bureaus. Influential members of the qperating am of the Navy remained 

gaserally unaware of — or at least not much taken with — these studies or the satellite's 
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potential applications." The demise of Navy-QuAer satellite studies in the late 1940s 
appear to devolve from these two Inteirelated causes: reserved institutional suppoi’t 
(tdiidi is normally reflected in priorities), and contenporary exigaicles associated with 
techiology, cost, and veld.de ut'llty. 

On the other hand, the Air Force — a relatively new service primarily concerned 
with fll^t in and beyond the atmosphere — moved actively into satellite research. Prompted 
by the Navy wortc, the Air FoiTce soon Issued orders for auJtlve institutional support of 
an earth satellite program at the hl^st levels of comnand. ' Ihls Interest was sus- 
tained, waited on or advanced the required technology, and culmin'^ted in the 'Dior-Agena 
and Atlas-Agena satellite flints that began eleven years later, xn 1959. 

Ihou^ the aspirations of Haviland, Hall, and their Navy colleagues would not 
be fulfilled as rapidly as they wished, an historic milestone had passed for astronautics 
in the late 1940s. Ihe techilcal feasibility of space fUgJit — as opposed to the theoret- 
ical feasibility of this activity developed by Gksddard, lUlolkovsky, Oberth and others 

durlt^ the early years of this caitury — ^had been firmly established and offlclsLLly 
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acknowledged. Questions asKed and answered w 'dd no longer remain focused on astro- 
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nautical theory, but on practicalities of vAien and how, and on satellite utility. 

Answers to these questions would come in the decade to follow. 
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Icy',. Cit. 
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28. Tbgiy are U. Z. Chlen, ft^liadnary Calculations ^ the Bet^awnce of a Altitude 
Tlest \feblele. JFL M eao r a n i fa a Mo. ft-1. January 3. 19*16; Chien. Studies on the Ftffownoe 
of » Altitude Test Viehlcle with Uniform Burning Rate Baeed on Vertical Trajectories 
as the First Apprcadaatlon . Jl-L Raxrt Ho. B-1. Mar^ l8. 19%: E. C. .^aedar atfl 

G. G. Halvorson, toveatlgatlon of the Lamddng Trajectories of a Altitude Test 

Vehicle with Uhlfara Bur^^ I^tepcart Wo. Jaae IB. 19^: Joseph V. Qiaiyte. 

StudHes of the ferttects of Moiiaiifom Burning Rates on the Berforaance of a High Altltmie 
Teat )fehlcle. JPL ftaport No. July lyto; W. Z. Qilen. Studies of a Htgi Altitude 
Teat Vehicle In a IMasliatJ^ HJlptle Oe ^lt, JPL Repcwt No. 8J(, July 9» 19^; and 

H. J. Stewart. J^ Rgx^ lb~ 0-^. at oc. clt. 

29. JPL Report No. 8-5, oj^. clt. . 3- A«»rdijng to Dr. Nallna, first dtrector of JPL, at 
about the saae tlae as the BuAer project began, the stu4y of sounding rockets (first 
initiated by the GALdT Rocket Research Project in the late 1930s) uas resisted and extended 
to include step rockets and satellites. (Letter, P. J. Nallna to the author, Decenber 8, 
1969.) See also P. J. Nalina and A. M. 0. 3nith, "Plight Analysis of the Sounding 
Ro^t," Journal of the Ayxiaajtical S^enc^, No. 6, 50 (1938); P. J. Nalina, "Is the 

Sky the Uadt? Onkiance Rockets Denollsh the Barriers of S^iaoe," Aray Ordnaty . July 
19^ (a lecooBendation for staging the JPL UAC Coiporal sounding rod^t atop Geman V-2 
■issilea for igtper atau^ihere research); and, P. J. Melina and Martin Siana^eld, "Ihe 
Problm of Ps<»pe fron the EarUi by Rodoet," JPL Publication No. 5, August 23, 19^ 
(theoretical analysts of requireoents involved in projecting a rocket to escape velocity). 

30. Contract N0a(s)8496 discussed in Fahmey, Histcacy of Pilotless Aircraft and Guided 
Nlaslles . op. cit., 1133-113^, and letter from L. M. rearson. Naval Historian, to the 
author, AIR-06B-UIP, July 29, 1969. Subsequently, on June 27, 19A7 as design of the full- 
scale engine was ccnpleted — and under an anendnent to the sane contract — BuAer authorized 
Aerojet to develop and fabricate a liquid hydrogen-oxygen rocket engine of 2,000 to 
3,000 pounds thrust, essentially a snail scale experinental model of the anticipated, 
final version. 

31. See D. A. Young, Progress Report, Aerojet R-7C, January 19^7, N0a(s)8496; and, 

Robert Garden, Pinal Report on 300.000 Po>gid Pgust ^quid Rocket Power Plan t. Aerojet 
R-7^, March 19^7; also. Robert (jOTdtan. The felattve WcMPtanoe of ftropell@~l)ensity and 
Specific Inpulse on Satellite Vdilcle Perfonnance , Aerojet R-92, May 1948. 

32. The power uaiit, wiVti an estimated weight of about 13 pounds, was to enploy hydrogen 
as a working mediun and use a liquid such as methanol as a heat exchanger. See 

Harvey Hell, "Early History and Background on Earth Satellites," GMl memo, Qlil:405:{tl:dr, 
Novenber 29, 1957, 3; and, letter from L. M. Pearson, AlRQffi;ll4P, Deoenb^ 30, 19^. 

Hall indicates that mass ratio constraints favored a "small but useful power output of 
about 30 watts . . . [over] a higier power but heavier nuclear energy or nuclear Isotope 
powar source," whidi would require a more extansive development period. 

33. BuAer Memo Aer-B-31T-W, CX-281360, Novenber 27, 19^5, cited in Harvey Hall memo. 
"Early History and Background on Earth Satellites," loc . clt. 

34. As one observer recalled; "After V-J day . . . scientists, as at the Radiation Lab., 
could not be interested in guided missile projects (of idiid> the comiunicatlans satellite 
[ESV] was only one) and wanted only to wind up their affairs and go bade to their fomer 
pursuits, or better. Likewise the PJler aidnirals were unenchanted by gidded missile 
projects — as one remarked; ’Vfe want equipment that we know works (Letter, Capt. 

W. P. Cogswell, loc. clt.); and, Albion and Connery point out that "Fiscal 1946, drawn 
uq> in anticipation of a huge invs' ion of Japan, quickly began to be whittled away before 
it could be spent. Altogether, . than $20 billion of Navy funds were cut back." 

Fiscal 1947 was finally approved ^ $4.1 bill. %>n (as <^)posed to a Navy request for 
$6.3 billion) and Fiscal 1948 and 1949 followed at $3.6 and $3.7 billioii respectively. 

See R. G. Albiai and R. H. Connery, Porre ^ tal and tt/s Navy (New York: Columbia IMlversity 
Press, 1962) 154. 
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S. BuAer letter to Ocanandlng General, Anv Air Forces, Aer-Sr>l-m, P Al(l), 

Ser. CO2262, 15, 19^; cited In Heo^y Hall neno, "Early History," 19^, l£C clt . 

Neobers attending the oonffererice of March 7 were: Major General H. J. Knur, AAP; 

Major General H. N. McClelland, AAP; Brigadier General H. L. Richardson, AAP; Captain 
U. P. Cogswell, USN; Oannanier H. Hall, USNR. 

36. Interview with Harvey Hall, Marcdi 21, 1963, loc. clt . 

37- BuAer memo AeivPA-52 P4l(l), to Joint Heseandi and OevelcfBient Board, Jsiuary 24, 

1947, og. clt ., p. 2. 

38. In his Third Report to ^ Secretary of Mar the preceding year. General H. H. Arnold 
forecast that, as antiaircraft weapons were perfected, strategic bonbers eventually would 
be r^laoed by long-range V-2 type ballistic rockets. He continued: "If defenses whl(di 
can cope even with a 3,000 mlle-peiMiour projectile are developed, we aust be ready to 
lamch sudi inojectlles near the target, to give them a shorts tloe of flight and wehas 
them harder to detect. Vie mist be ready to laundi them from unexpected directions. This 
can be done fTon true space ships, capable of operating outside the Earth's atm ospti er e. 

The design of such a ship is all but practicable today; research will unquestlonsdbly 
bring it Into being within the foreseeable future." Arnold, Third Report the OoBnandlng 
Genei^ of the Arm Air Prices to the Secretary of War , Movember 12, 1945, ^*tiew Concepts,**^ 
p. 6B. Moreover, In the Pbrewoc.d to its rqx8X on a~Rraposed Air Qtgineerlng Development 
Center (evuitually the Arnold &igineering Development Center In Thn jessee) , released on 
Decenber 10, 1945, the AAP had asserted that planning for the new experimental facility 
must Include "the e^qpeditlous and contiiHiOus development of all materiel contributing to 
air power In Its broadest sense." This involved "1. Supu*sonlc aircraft, piloted and 
pilotless; and winged missiles having velocities a(v>roai(d)lng meteoric velocities," and 
"3. Flight and survival equlpnent for use above the atmos{diere. Including space vehicles, 
space bases, and persuasive devices for use therein.” Qigineering Division, Air TedmlcaLl 
Service Connand, report. Proposed fir Baglneudig Development Center. Decenber 10, 1945, 
p. Iv. 

39* Project RAND was chartered by the Any Air Rsrces in Maoxh 1946, to pursue a program 
of study and research devoted to the broad subject of Intercontinaital strategy and war- 
fare. Contract W-33-038ac 14105 formalized this effort in Nay 1946. Initially, Project 
RAKD operated as a send-autonomous branch of the Douglas Alrei'aft Corporation, responsible 
dlxectly to the Vice President, BigirKeidng. Qualified physlclfds, engitjsers, and mathe- 
matical analysts were dram from Douglas and other nearby aircraft firms eks well as inl- 
versltles, and settled at Santa Hcnlca, California, In separate quarters. In Novenber 

1948, the RAND Oorpcratlon was created and became a conpletely autonomous, non-profit 
research institution. 

40. Fbrmal nenbers of the Aeroboaixl Research and Development Comnlttee at this time were 
Brigadier General Laurence C. Cralgle, Arny Air Fbrces, Colonel H. Q. Bunker, A. C.; Roar 
Admiral Leslie C. Stevens, U.S.N., Chalnnan; and Captain R. S. Hatcher, U.S.N. Also 
present at Research and Developnent meetings were additional Invited personnel. 

41. Adrian 0. Van Wyen, The Aeronautical Board . 1916-1947 (Washington, D.C. : 0^>uty 
Chief of toval Operations (Air), History Ihit, GPO, 1947), 1. Later, in June 1946, this 
orgEuilzaticn was partially su^^lanted by the Joint Resear*ch and Development Board [JRDB] 
of the Wiar Department chaired by Vannevar Bush, which expanded and formalized many of the 
functions perfonned by the Aeronautical Boaxxl over a wider spectivm of activities. (The 
AercHiautlcal Bjard passed away completely in 1948.) 

The chief respcxisibllity of the JRE© involved preparation of an integrated program 
of research and development, in the U0it of which individual projects of the Amy, Navy, 
and Air FUrce could be evaluated. The Board decided who develcped what weapcxis. It made 
sure that there was no unnecessaiy duplication in the activities of the service" altiiough 
it could permit coipetiticMi which promised to produce better x'esults. JRDB 'n .um was 
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st^jerseded by the RDB in 1947. Because service assloaaent of responsibility for different 
ranae rodoet weapons could not be agreed upon until years later, by the late 1940s the 
principle of preventing duplication of eflbrt among the services had been seriously eroded. 

42. Harvey Hall aeno, "Early Histcoy and Background on Earth Satellites," ^ cit .. 4. 

43 . Researdi and Developnmt Ccnmittee, Aeronautical Board, Case No. 244, Report No. 1, 

Nay 15, 1946, pp. 1-2. 

44. Ibid ., p. 4. 

45 . In subs eq ue n t neetings of this ESV subcomnlttee in 1946-1947 a fim, but unwritten, 
understanding was reached between Navy and Any Air Forces represoitatlves which divided 
the field between the two technical af^iroaches: single-stage to the Navy, and multi-stage 
to the Any Air Forces. (Rear Adolral R. S. Hatcher, letter to the author, go. cit., p. 4.) 
p. 4.) 
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inportantly to the advancement of knowledge in the fields of guided missiles, comnunlca- 
tions, aeteorology, and other technical fields with military applications, the piregrem 

as set forth is approved.” Letter CNO to fiuAer, Ser. 037P517, Hay 8, 1946, cited in 
"Status Report, Earth Satellite Vehicle,” OoBislttee on Guided Missiles, Research and 
Developnent Board, GM 13/5, 15 Jaraiary 1948, 4. 

47 . Initial discussions were conducted with several ali'frame manufacturers in early 

March 1946; and contracts were awarded afta:' the Chief of Naval Cperaticns proved the 
desl 0 i studies on May 8 . (Cf., D ouglas Aircraft Co., Inc., Report No. E.S. 20515, 
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Glem L. NBurtin Oo., Report No. 2373, sane subject. Hay 1946. North American Aviation 
prqiared an informal sumary of its ESV considerations. Douglas latar withdrew from 
participation in the Navy ESV design study because of its close affiliation with Project 
RAM) satellite studies being conducted for the Amy Air Forces at that time. 

48. G. WUson, Structural Design Study, High Altitude Test Vehicle. Contract NOa(s) 8349, 
North American Aviation, Inc., Report fio. )A 46-758, Sept<°iber 26, 1946, p. 1-1. 

49 . Ibid ., pp. 2-1 and 3-1. 

50 . Ultinately the liiited States Air Force ^iproxlfflated Just what BuAer had proposed 
when an entire Atlas ICBM was guided into orbit in late 1958 in "Project Score.” As 
finally developed, the "stage and a half" Atlas ICBM was also a thln-skln, stainless steel, 
pressure-stabilized structure; moreover, the Atlas employed conventional propellants 
(kerosene and liquid oxygen) which do not approadi the higher specific inpulW delivered 
by liquid hydroeen-oxygen, in some ways making that vehicle a more difficult englneerlr^ 
achievement than the original Navy Bureau of Aeronautics single-stage HAiV satellite 
rocket proposal. 

51 . Pedro C. Medina, Progress Report No. 1, Orbit Project . Oonti’act NOa(s) 8376 , The 
Glem L. Martin Coopary, Report 2454, S^tenber l5, 1946, p. 5. 

52 . Pedro C. Medina. HATV Suanary Raxart . Contract NOa(s) 8376 , The Glem L. Martin 
Conpany, Report No, 2606, June 1947, A and B. 

53 . R. Gordon, D. A. Young, G. Bosco, and A. Felton, Pinal Report on a 300.000 Pound 
Thrust Liquid Rocket Power Plant, Contract NOa(s) 8496. Aerojet Ehglneerlng Corporatlm, 
‘flfM?ort No. R-t4, March 31, l$4t, pp. 2 and 4. 



54. In addition to the foregplng deslgi studies, the Navy also fbwd conflnnatlon of this 
conc^t In two more limited separate studies, the first — already mentioned, ADR Report 
No. 48— prepared by the BuAer Aviation Design Research groi9> under the technical direction 
of I. H. Drlggs, and the second by tf. F. Bailhaus at the Douglas Aircraft Oonpany* 

Letter, 0. E. Lancaster to the author, February 6, 1970; and V. F. Bailhaus, Preliminary 
Deslgi of a Satellite , Douglas Aircraft Goopany* R^x>rt No. ES 206 j6, august 7, 1946. 

55. Ihe Aeimautlcal Board, coop:*lsed of military personnel, did not contain civilian 
representatives . 

56. Memo Aei>-PA-52 F4l(l), Stevens to Joint Research and Development Board, January 24, 

1947, o£, ^., 3. 
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for use by the military- (Responsibility for procurement, production, and supply of 
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Staff remained in charge of operations.) 

58. Memo for the JRDB from Hoyt S. Vandenberg, Lt. Gen. USAF, Subject: Agency for the 
Coordination of Earth Satellite Vehicle, June 13» 1947; also. Report No. 2, Case No. 244, 
Ihe Aeronautical Board Research and Development Ccmnlttee, Memo for the Aeronautical Board, 
June 13, 1947, 2. 

59. Cited in Fbhmey, c^., 1140. Since the predisposition of the services in the 

fun ccmnlttee was alrea^ known, this refeiral amounted to tabling the motion. 

60. In April 1947, as In^pedlments to further satellite progress grew (i-e., questions 
of JurLsdictlon, satellite utility, and LIm.''.ted funding and support) Lt. Ccninander 

R. P. Haviland requested orders to Inactive duty, .?nd subsequently Joined the General 
Electric Corporaticm's Heimes rocket development poject. He has remained with G.E, , 
Involved in work on various space programs since t^^t time. 

61. Fhrhney, clt. . 1140-1141. 

62. Memo to the Ccmnlttee wi Quieted Missiles, from L. R. HEd*stad, Executive Secretary of 
the RDB, Subject: Earth Satellite Vehicle, (M 13/4, Januaiy 7, 1948; and, Fahmey, 

loc. clt . 
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RAND corporation; Dr. Richard Porter, General Electric Conpany; Mr. Rcbert L. Gllruth, 

NACA; Dr. H. Guyford Stever, Massachusetts Institute of Itechnology; and Dr. Clark Millikan, 
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64. Letter from Frederick L. Hovde, Chalnnan of the Conmlttee on Guided Missiles, RE6, 
to W. A. MacNalr, Bell Telephone Laboratories, February 6, 1948. 

65. "Satellite Vehicle Program," Technical Evaluation Groip, Comnittee on Guided Missiles, 
Research and Development Boaixl, GM 13/7, MEG 24/1, March 29, 1948, The first public 
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66. The Glenn L. Martin Ccnpany> Bt^ineering Hepcsrt No. 2854, Model MO7, Proposed Interim 
Test Vehicle^ March 1948. 


67. Ihe data was needed to provide adrcraft firms Infonnatlon cm pressures, atmosi^^rlc 
di^ and heating effects at these high altitudes for use In the deslgi of advanced Jet 
aircraft. Subcomnlttee menbers Included Captain U. S. Diehl, USN; Dr. Homer E. Newell, 
Naval Research laboratory; Dr. Fred Uilrple, Smithsonian Observatory; Harry Weedier, 

U.S. Weather Bureau; and Dr. Harvey Hall, USNR; among others. 

68. The Office of Naval Heseardi smaller N^tune rocket, burning conv«itlonal propellants 
and carrying the same nme as a contenporaii' airplane then uncter design for the Navy, 

was redvlstened "Viking to avoid anticipated ccnflisl(m. Evolutiem noted in M. W. Rosen, 
The Viking Roedeet Story (New York: Harper & Brothers, Publishers, 1955). 

69. Harvey Hall, "Early History and Background on Earth Satellites," c£. clt. . p. 4. 

70. BuAer PAD Memo, Aer-PA-5, June 22, 1948, cited in Pahmey, clt-, U41-1142. 
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at the Uhlverslty of Southern Cadifomia. He Joined the Uhlted States space program in 
i960, after the creation of the Natloneil Aerotiautlcs and Space Adninlstratlon, serving 
NASA as (hlef Scientist, Advanced Manned Mlsslcms Programs. 

71. Aerojet Qiginet ing Corporation, Research Technical Memo No. 54, Development of a 
300-lb. Thrust Llqu.^d-Hydroeen — Llquld-Oxygien Rocket Motor . August 29, 1949, 1- 

72. Letter, AIR-06&-IMP, fTcm Lee Pearsem, Naval Historian, to the sorthor, July 29, 1969; 
and Hall, "Early History . . .," loc. clt . 

73. Fahmey, ::lt ., 1142. (See also note 68, above.) 

74. These technical clrcunstances account for the large 1000-lb. p v.i.oad tha.. was stipu- 
lated for the ESV in the Navy design studies in 1946-4.947- 

75. Perh^ the lack of Interest may be attributed to the Navj'*z historic preoccupatiem 
with surface vessels and life that surrounds this singular activity. Jee Elting E. Morlson, 
Men, Machines, and Modem Tlines (Cairbrldge, Mass.: MIT Press, 1966) especially Chapters 2 
and b. 

76. It should be noted that, as the budget tifjitened aft^* World War II, the Navy cur- 
tailed a ninber of surface-oriented R&D projects in aitcraJ't and submarines, to the point 
of eliminating anti-ship missiles and U#it gun barrels and mounts, for example. Admiral 
Stevens thus had to Justify major funding for a space effort at a time when it would mean 
cutting back still further c»i projects directly Involved "with fulfillment of the Navy's 
responsibilities on, over, and under the sea." Early cost estimates for construction and 
launch of a Navy prototype vehicle were , et at $150 mlllicxi (not including launch facili- 
ties), a figure, ccxisiderlng the LOX-hydrogen applications, that was piobably under- 
estimated considerably. In short. It Just was not a salable proposlticwi in the 1940s. 

(See also note 34, above.) R. P. Havlland, telephcm interview with the author, July 2, 
1970. A similar observation concerning Admiral Stevens' view of the expected cost and 
technical difficulties is contained in Rear Aciniral R. S. Hatcher, letter to the author, 
loc. cit . 

77. 'j5ie r,.*jTgle notable exertion to this observation was CNO approval of BuAer satellite 
design • ' -T fty 8, 1946. (See note 46, above.) One of the ESV participants, 

rtr . ;i ..' ji,' observed: it tioned out space fli^t was of very UMted 

-h' c.^T|>ared to other government agencies and, I think, the Navy 
‘ci< ' • ‘ Capt. Grayson Merrill, USN (Ret.) letter to the author, 

(. . 




78. On January 15, 19^8 the USAP Issued an earth satellite policy which dtvlared that, 
becai^se of the strategic iiqplications, logical responsibility for satellite developments 
belonged to the Air Fbi’ce. The policy "states, 'research and develcpnent will oe pursued 
as rapidly as progress in the guided missiles art Justifies and requirements dictate, 
lb this end the problan will be continually studied with a view to keeping an qptlmum 
design abreast of the art, to detennlne the military worth of the vehicle, considering 
its utility and probable cost — to insure development in critical components, if indicated — 
and recomnend initiation of the developmait phases of the project at the proper time.'" 
( StatemMit of Policy for a Satellite Vehicle. General Hoyt S. Vandenberg, USAP Vice Qiief 
of Stair, cited in 'Status Report, Earth Satellite Vehicle," Conmlttee on added Missiles, 
Research and Development Board, CM 13/15, January 15, 19^8, 7.) No known equivalent 
satellite policy was offered by the ^felvy. 

79 - A Soviet historian has suggested that the decision not to proceed with constructlcm 
of earth satellites at this time was due to "the vacillation and doubt regarding the 
feasibility of large-scale rockets in the U.S.A." (See I. N. Bubnov, "Ihe Development 
of Large-Scale Rocket Desl^iing in the USA, 19^^19^8," TransactiCTis of the Ninth 
Scientific Conference of Graduate Students and Ji^or Scientific Associates of the 
^tltute for the History of Natur^ Science and 'Pechnolo^ , Moscow. 1986, NASA TT P-5*K) , 
August 198b, p. I9.) This contention is amply refuted by the record. 

80. Modem astronautlcal theory (that is, as distinct ftxm xx>cketry alone), quite 
noticeably preceded determined attenpts to design and ccaistruct space vehicles, in con- 
trast to develc^xnent of the steam engine, for exanple, vdiere nuch theory developed con- 
currently or followed enplrical experimentation. 
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